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Abstract: According to synthonic theory of the formation of proteinogenic amino acids and of
corresponding polypeptides, starting from three synthons (methylene, nitrene and carbon monoxide),
four proteinogenic amino acids have been constructed: valine, leucine, isoleucine and methionine.
This paper represents a theoretical, thermodynamic and reactivity study on the formation of the four
previously mentioned amino acids at low temperatures. All the intermediates involved in the formation
of these amino acids as well as the final products obtained by contact with water, an essential
component of the Earth's primary atmosphere, are specified. Quantitative data, formation enthalpies,
reaction enthalpies and free energies were obtained in principle by DTF (B88-LYP) calculations.
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1.Introduction

According to the synthon theory [1-3] on the formation of proteinogenic amino acids and of
corresponding polypeptides at low temperatures, aziridinone would have been formed from three
synthons: methylene, nitrene and carbon monoxide. This one, in contact with these three synthons,
somewhere outside the Earth's atmosphere, would form the precursor of radical structures. These, in
contact with the components of the primary atmosphere, lead to proteinogenic amino acids and
polypeptides.

Some of the proteinogenic amino acid precursors lead to polypeptide precursors, by
copolymerization. The first polypeptides would have formed from polypeptide precursors and not from
amino acids.

The structures of chemical sample were refined by performing an optimized geometry calculation
in Mechanics using successively: augmented MM3 parameters, MOPAC AM1 parameters and DGauss
with B88-LYP, GGA functional with the DZVP basis set [4, 5].

In previous works [6, 7], we have shown how the following proteinogenic amino acids can be
obtained: glycine, alanine, serine, cysteine, aspartic acid, asparagine and threonine. In this paper we
continue the construction of four further proteinogenic amino acids: valine, leucine, isoleucine and
methionine. The choice of amino acid groups took into account the structural elements and the nature
of the reactions involved in their construction. Among the many reactions that would form the
aforementioned amino acids, we chose those “open shell” transformations, which involve radical
intermediates and photochemical-radical reaction pathways. Specifically, in these transformations, we
have a continuous decrease of the energies of the reaction systems in the transitions from the initial
products to the final reaction products.
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2.Computational details

The structure corresponding to the reaction path, with all kinetic energy removed at every step, are
calculated in DGauss using the B88-LYP GGA functional with the DZVP sets. This calculation
requires the input file by a transition state geometry [8, 9].

The transition state structure of the chemical sample is refined by performing a transition state
calculation using B88-PW91 GGA energy functional with the DZVP basis sets.

The computational part used is the Cache Work System Library, version 7.5.0.85 [10].

3. Results and discussions
According to a general schema (schema 1), the three synthons (S) form aziridinone.

AN ) () ( A ) (HOH)
(CHz NH, CO) —— | o= o) = = \R—CH—CO ) — 7= R ?H COOH
©) (A2) (AZR) (PAA)
Schema 1. Formation of proteinogenic amino acids

This, in contact with methylene, leads to aziridinone radicals intermediates AzR, precursors of
valine, leucine, isoleucine and methionine. These intermediates upon contact with water are forming the
four proteinogenic amino acids mentioned above.

3.1. Thermodynamics calculated data

The enthalpies of formation of all the radical intermediates and of neutral molecules, reactants or
final reaction products were calculated first. In previous works [6, 7], quantitative data on C-methyl-
aziridinonyl radical 11 (table 1) were presented in detail. Shortly, it would be obtained from the C-
aziridinonyl radical and methylene. The C-methyl-aziridinonyl radical is intermediate, a starting point
for all four proteinogenic amino acids studied in this work.

Table 1. Enthalpies of formation. Radicals and neutral molecules.
Enthalpies of formation, AH

No Compound Multiplicity

(au)*
1 HOH 1 - 76.422235
2 H2S 1 - 399.34186
3 CHs-S-H 1 - 438.63607
NH
4 HaC=S—H,C—H,C-CH-CO ! 12395791
HSC\
5 cH —CIH—COOH 1 -402.29791
HsC NH,
H H»
6 H3C:—C| —C -CIH-COOH 1 -441.59382
CH, NH,
H>
7 H,C-C - C'H - C|H —COOH 1 -441.59352
CH3 NH,
H
8 HzC—S—H,C—H,C- <|: —COOH 1 -800.44850
NH,
1 -39.11805
9 CH2 -39.13454
10 CHs 2 -39.81778
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NH
. ! \ -
1 H,G—CH-CO 2 246.56109
12 . Ho 2 -285.84935
H,&—C —CH-CO
13 N 2 285.89121
HaC~CH—CH-CO oo
NH
\
14 HoC=CH—CH-CO 2 -325.14435
*CH,
H /NH
15 H,&—C —C —CH-CO 2 -325.14359
2
H NH
16 H3c—'ﬁ—c2—c'H -co 2 -325.14925
n, MR
17 H;C— CIH -C —CH-CO 2 -364.43847
“CH,
H /NH\
18 H,C—C —C—CH-CO 2 -364.43866
M2 Ch,

*a.u. = atomic units (hartrees); atomic unit = 2625 kJ/mol

Next, in table 2, all the chemical transformations that result from the aforementioned amino acids,
are specified. In the last column of the table the values of the reaction enthalpies AH, are given. They
confirm that all transformations are exothermic. In this way, a first step towards the compliance of the
reaction model imposed and announced in the introduction of this paper is respected.

We mention that there are several reaction steps regarding the formation of these four amino acids
which are repeated from one case to another.

As for methionine, its formation is perhaps more difficult to explain. We assume that the C-methyl-
aziridinonyl radical would react with methyl-thiol, a sulfur-containing compound. Under these
conditions, it is assumed that the amino acid precursor intermediates are accompanied by synthons and
carried by nitrogen until contact with the components of the primary atmosphere. The latter should
also contain hydrogen sulphide, as previously suggested [11]. Under these conditions, the formation of
CHsSH would become a natural thing. Thus, CH3, CH3S  and H>S are on the list of interstellar
molecules [12].

Table 2. Reaction enthalpies (4Hy). Formation of valine, leucine, isoleucine and methionine.

No  Amino acid Reactions lg AHr
(kcal/mol)
1 Valine NH 1.1 -96.47
R ) IS S W )
H,G~CH-CO 2 2 CH-CO—> 13 -74.42
NH NH 1.4 -458.83
(12) (1.3) (1.4)
— H3C- CH— CH CO _>(C ) H;C-CH— CH CO—>
+ (CH .l +(HOH
(14) 2 CH, (HOH)
— H,C— CH CH COOH
+(HOH
( ) CH3 NHZ

Rev. Chim., 71 (4), 2020, 95-100 97 https://doi.org/10.37358/RC.20.4.8047


https://revistadechimie.ro/
https://doi.org/10.37358/Rev

Revista de Chimie
https://revistadechimie.ro
https://doi.org/10.37358/Rev. Chim.1949

2 Leucine NH 1 H NH 2.2 -100.11
+ CH u»Hc CZ—C/H-\COﬂ 2.3 -3.55
H,C~CH-CO 2 2 (CH,) 2.4 -97.06
22 . H B, N (23 W, NH 25 -459.95
—— H,C—C —C -CH-CO —> H;C-CH—C -CH-CO—
+ (CHp)
(2.4) N 25 H, NH
Ty HeCCH— c ~CH-CO - HyC- CH— c’-CH-co—
+ (CHp) +(HOH)
CH2 cH3
(2.6) H H
— H;C—C—C -CH—COOH
+(HOH) | |
CH3 NH2
3 Isoleucine NH NH 3.4 -100.26
1.1 . H
T e NI R i P 35 -459.65
H,C- CH-CO 2 2
(12) My N
= e H,C-GH—CH- CO—»HSC CH—CH-CO — >
+(CH2) . | + (CHZ)
CH,
(L4) M @) H,
~  » H,C-CH—CH- co—>H3c: C ~CH-CH—COOH
+(CHy) | +(HOH) |
H2C CH3 NH2
1
*CH,
4 Methionine NH NH 4.2 -97.76
. N L CH (1.1) H G — oy g 2 43 47152
H,C-CH-CO 2 — > H,C-CH—CH-CO——>
+ (CH,)
4.2) NH 43 + (CH3SH)
—— > HyC=S—H,C~H,C~CH-CO ———*
+(CH,) ° 2y e + (HOH)
+ (CH5SH) +(CHy)
(4.3)
——» HyC-S—H,C—H,C- 8 COOH
+ (HOH) [
+(CHy) N,
5 AzR + HOH NH NH

AR . 1 .
R-CH-CO + HOH—>» R-CH—CH-CO+ OH
2 HO®* — HOOH — H,0 + O°

Hydrogen cannot be evaluated as a distinct chemical entity. This is why in reaction 4.3 we included

a hydrogen fixing agent. This would be methylene, in triplet ground state.

3.2. Reaction pathways

Table 3 shows the values of the enthalpies of formation AHi and AH¢. These refer to the initial and
final states involved in the reactions indicated by lq values and suggested by figure 1.a. The last
column of this table gives the values of Gibbs free energies, AG. All the reactions presented show
reaction pathways that involve a continuous decrease of the energies in the passage from the initial

products to the final ones.

Table 3. Enthalpies (AHi, AHs) and free energies (AG).
Formation of valine, leucine, isoleucine and methionine

No ld AHi(a.u.) AH¢(a.u.) AG (200/300 K) (a.u.)

1 1.1 -285.69562 -285.84935 -285.777481

2 1.2 -285.84935 -285.89121 285.788200
-285.777665

3 13 -325.02574 -325.14435 -385.788389
-325.046188

4 14 -401.56670 -402.29791 -395 057293

5 2.2 -324.98389 -325.14359 -
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6 2.3 -325.14359 -325.14925 -325.045035

7 2.4 -364.28378 -364.43847 -325.056022
-325.050577

8 2.5 -440.86082 -441.59382 -395 061599
-364.312755

9 3.4 -364.27888 -364.43866 -364.324222

10 3.5 -440.08622 -441.59352 -

11 4.2 -763.61995 -763.77575

12 4.3 -839.51485 -840.26628

In Figure 1.b, the reaction between the C-methyl-aziridinonyl radical and the methylene triplet is
given as a model.

AHA AHA
aH; -285.695
A Hf -
Internal reaction coordon>ate -285.849 C.I
1.40-2.02
(@) (b)

Figure 1. General allure of all reaction pathways (a); the reaction between the
C-methyl-aziridinonyl radical and the methylene triplet (b).

The reactions that would take place between the intermediates and the two components belonging
to the Earth's primary atmosphere, water and hydrogen sulfide, have not been studied.

The activation energies that these reactions would need, can be reached, given the higher
temperature that would have existed at the contact of radical intermediates - atmospheric components.
Reactions between AzR radicals and water (reaction 5 in table 2) would lead to the occurrence of
oxygen in water, which is particularly spectacular [13, 14].

4. Conclusions

Several conclusions can be highlighted:

- All the precursor intermediates of valine, leucine, isoleucine and methionine were constructed,
starting from the C-methyl-aziridinonyl radical,

- All the transformations suggested in the formation of the four amino acids are exothermic;

- The study of chemical reactivity shows reaction pathways with continuous decreasing of the
energies of the molecular systems involved, on the way from the initial states to the final states;

- Methionine would be obtained in a slightly more complicated way, by involving radical reactions
by means of hydrogen sulphide (H2S);

- It is suggested the formation of molecular oxygen in water upon its contact with the precursor
radical intermediates.

This research did not receive any specific grant from funding agencies in the public, commercial,
or not-for-profit sectors.
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